In the 1990s, attention was focused on saving energy and water with the aim of reducing production costs. Since the turn of this century, problems relating to the management of greenhouse gases have gradually assumed greater importance. Research has highlighted the problems that may arise regarding energy consumption in an Italian dairy chain. Using life-cycle assessment methods, the main steps along the production chain have been identified: breeding, dairy, and food store (FS). Our analysis shows that the different issues involved are often not easily reconcilable. Energy data need to undergo a careful and specific normalization process when dealing with specific data on different parameters (kWh/tmilk, kWh/tmilk processed, kWh/m 2 store). This study examined a variety of production cases (2 farms, 2 dairies, and 2 FSs) located in Lombardy, northern Italy, and electric and thermal energy consumption and carbon dioxide emissions were evaluated. A total of 2.8 kgCO2/kgcheese carbon dioxide emissions relating to the production process were recorded (39% breeding, 40% dairy, 1% FS). Further studies are needed in order to provide consumers with more precise and correct information (carbon labeling or green label). This may become an important element in consumer choice.
Introduction
In 1996, the European Commission adopted Directive no. 96/61 (European Commission, 1996) , known as the Integrated Pollution Prevention and Control (IPPC). This was replaced by Directive no.
2008/1 (European Commission, 2008 ) that completed the mandate of the previous directive to prevent and reduce emissions of pollutants derived from various industrial and agricultural activities into the environment.
Later, a series of technical reference documents, known as the Best Available Techniques reference documents (BREF), were drawn up. These techniques are specific for each industrial sector, among which are the food, beverage, and milk industries (Food, Drink, and Milk Industries reference document, FDM BREF) (European Commission, 2006) . But these documents do not fully cover certain sectors, such as the wine industry that plays an important role in Italy.
An integrated methodology that allows the energy consumption along the agri-food sector chain to be measured in a transparent and objective manner needs to be identified. While up to now research in these fields has always been limited to assessing only specific steps of the agri-food chain, the methodological innovation of this approach is to start to identify consumption along an integrated process (field to fork). This approach evaluates production from the field to the retailer, and also defines a methodology that can certify products according to energy parameters with the objective of determining the numerical values that could appear on the green label.
This green label will help consumers to choose products that have been produced with the lowest energy consumption or, even better, with the lowest emissions of greenhouse gases (GHGs). Furthermore, it will help manufacturers to produce value-added goods, i.e. those for which production procedures take into account environmental issues. Information concerning these issues could, in fact, influence consumer product choice and, as a consequence, increase the market shares of companies that manufacture environmentally friendly products. Research conducted by Bjørner et al. in 2004 highlighted that the presence of environmental labels on products has a significant effect on consumer choices.
At the moment, different energy labels for food products are being used: Climate Labelling for Food in Sweden (http://www.klimatmarkningen.se/in-english) and the Carbon Label in England . In both cases, the life-cycle assessment (LCA) method represents the basis on which energy consumption and GHG emissions are calculated. LCA is defined as a process to evaluate the environmental burdens associated with a product, process, or activity.
The assessment includes the entire life cycle of the product, process, or activity, encompassing the extraction and processing of raw materials; manufacturing, transportation, and distribution; use, re-use, maintenance, and recycling; and final disposal (Society of Environmental Toxicology and Chemistry, SETAC).
The origins of LCA go back to the 1960s, when concerns over the limitations of raw materials and energy resources led to the development of a method that enabled the resources used to be quantified. In 1969, an internal study was carried out for the Coca-Cola Company. This study aimed to compare different containers in terms of the environmental burden associated with their production. During the 1970s, other companies in both the United States and Europe performed sim- The food sector contributes significantly to environmental impact (Peacock et al., 2011) . In order to identify possible directions for sustainable food production and consumption, LCA has been applied for more than 15 years to both agricultural and food systems, and a variety of databases have been developed (Notarnicola, 2011) .
In spite of the fact that the LCA method represents a tool that has been generally accepted by the scientific community, some limitations to this methodology can be identified, the main ones being complexity and costs in terms of time and resources (Eide and Ohlsson, 1998; Brentrup et al., 2004; Reap et al., 2008; Brenton et al., 2009; Hospido et al., 2010; Lewandowska et al., 2011) .
To overcome the complexity of LCA, some researchers have proposed simplified methods for the car (Hochschorner and Finnveden, 2003) and dairy (Eide and Ohlsson, 1998) sectors.
The food industry uses energy to grow raw materials so it is also necessary to consider the fixed CO2 during the life of plants. Other energy uses in this sector involve processing, the transport of raw materials and finished products to food stores (FSs), and for storage and packaging operations. In addition, compared to other industries, this is a very heterogeneous sector with a wide range of sizes and types of business using a variety of raw materials and processes, not to mention the natural variability that characterizes crop cultivation.
The application of LCA to the agro-food sector is complex due to the nature of the production process itself. Although modern technology companies can be compared to industrial systems, some specific aspects of the field must be taken into account.
Depending almost exclusively on human control, the production process is easier to compare with standard industry processes. On the contrary, agriculture could be viewed as a combination of natural phenomena and industrial processes that can be driven but not completely controlled by humans.
So it is important to establish an evaluation method that can accurately observe natural phenomena and human activities. This problem has already been considered in the past (Audsley et al., 1997; Williams et al., 2005; Blengini and Busto, 2009) but it is important to have practical feedback. We, therefore, studied cheese production, a typical Italian integrated agri-food chain.
Materials and methods
In this study, 6 separate companies were analyzed in terms of energy consumption: 2 dairy cow breeding farms, a dairy that produces mature cheese (Parmigiano Reggiano), a dairy that produces fresh and semifresh cheese, and 2 FSs.
The main characteristics of each type of company considered in the analysis are (Table 1) : -for breeding farms, the number of cows and the amount of milk produced annually; -for dairies, the amount of milk processed annually; -for FSs, the total area occupied. Table 2 shows the three phases of energy analysis that were examined. For each company, the electrical and thermal energy consumption was analyzed for both the production processes and the management of the company. In particular, the following were included: -for breeding farms: energy consumption in stables, cattle feed production, milking room, office, milk storage room, illumination, etc.; -for dairies: energy consumption for cheese production (pasteurization, curd cooking, packaging, etc.), office, illumination, etc.; -for FSs: energy consumption for illumination, air-conditioning, packaging, refrigeration, etc. The estimated data, following the census of electrical and thermal properties, were compared with those presented in the energy bills, which confirmed the estimated data. The estimates of CO2 emissions in relation to electricity consumption are calculated using the Italian emission factor of 0.410 kg CO2/kWh (ISPRA, 2011) that represents the index of emissions of carbon dioxide calculated considering average electricity production in Italy. The estimated CO2 emissions due to fuel consumption are calculated as per European Commission Directive no. /101 (European Commission, 2008 .
Data normalization was performed considering the specific data referred to a ton of cheese for each phase of the chain: -breeding: productiveness of the milk-yield cheese was evaluated (Table 3) by differentiating the type of product (mature cheese, 7.5%, or soft cheese, 15%); 
Article

Type of analysis Data collected
Documents analysis
Collection of data from bills: productivity, electricity, water and fuel consumptions, reported for the same year of production.
Business analysis
Obtain the outputs and times of use of all electrical and thermal utilities in the company. Report
Flow sheet of process with energy data; Identification and quantification of energy flows in and out; Disequilibrium of energy (critical energy points); Distribution of consumption across business departments; Accounting of specific energy value (kWh/t of product) and emissions of carbon dioxide (CO2/t of product). -dairy: the simplest to analyze since the data obtained already refer to the amount of cheese; -FSs: only the energy consumption attributable to the refrigerated display cases for the cheese (consumption related to lighting and refrigeration plant) was considered. Data obtained are reported in Table 4 .
Results and discussion
Emissions associated with electricity and fuel consumption were normalized to the ton of product in order to provide an emissivity index (kg CO2/t of product) that could be compared to data in the literature.
The results were compared with reference data provided by best available techniques (BAT) ( Table 5 ) or literature in order to verify whether the company is in line with European indications and, on the other hand, to identify the most appropriate interventions to improve energy use in the production process.
More specifically, for the breeding farms, the comparison of energy consumption was only possible per head of cattle bred (kWh/head of cattle a day) or per ton of milk produced (kWh/milk). However, in this case, the reference value was not available for comparison. The reference for the dairy was a ton of processed milk for consumption (kWh/tprocessed milk) or cheese produced (kg CO2/kgcheese). Finally, for the FSs it was possible to compare the energy consumed on the basis of the size of the store (kWh/m 2 store) ( Table 6 ). Also in this case, the reference value was not available.
For the breeding farms, it was only possible to make a comparison of consumption of electricity per head of cattle. Breeding Farm 1 has a specific consumption of electricity equal to 1.99 kWh per head of cattle per day, while for the Breeding Farm 2 this is approximately 2.2 kWh per head of cattle per day. The data found in the literature indicate values between 0.8 and 1.6 kWh per head of cattle per day; in both cases, therefore, the specific consumption is slightly higher than the values used for comparison (Regione Piemonte, 2003) .
It is also important to note the wide range of reference. It is easier for a company to be environmentally friendly in terms of consumption if the range is wide; the energy consumption of the dairy must fall between 22 and 806 kWhe for consumption of electricity and between 47.7 and 1279 kWht for consumption of thermal energy.
The results for Dairy 1 are within the range proposed by BAT; more specifically, both consumption of electricity and thermal energy are nearer the lower limit. Diary 2 presents higher results (always in the BAT range). This difference between the two dairy companies is due to the type of cheese produced (fresh or mature, respectively).
Furthermore, the goal is to determine the energy cost and environmental impact of the integrated process of the cheese production in terms of kWh and kgCO2 per ton of cheese produced. To do that it was necessary to carry out a series of normalizations.
From the parameters mentioned in Table 6 , and subject to revision, it was possible to calculate the standard fuel consumption and emissions per ton of cheese or sales for FS (Table 7 ).
The energy consumption associated with the production of cheese corresponds to approximately 6.55 kWh/kg, which is equivalent to approximately 23.58 MJ/kg. This value falls within the wide range of comparison for the European countries found in the literature: 2.1 to 68 MJ/kg of cheese (Xu et al., 2009) . The main factors influencing the dairies' energy consumption are the size of the production structure, the type of cheese (with or without a maturing process), and the technology used, as well as the age of the plant, machinery efficiency, and efficiency of fuel used.
Regarding the whole dairy chain studied, the total CO2 emissions were found to be 2800 kgCO2/tcheese.
The major contribution comes from dairy companies (1693 kgCO2/tcheese) while, in contrast, FSs have an almost irrelevant impact on CO2 emissions. The case studies analyzed identified the practical problems that can arise during the realization of an energy analysis.
The issues involved concern the calculation of CO2 fixed during the cultivation of plants, which in most cases represent the raw material in the agro-food industry. Separating farming from processing sometimes compromises the integration of these data.
Transport is a very critical phase of the integrated plant. First, if we talk about imports and exports, we must consider the fact that every country has its coefficients (ISPRA, 2011) for calculating the CO2 emissions. In a study carried out by Edwards-Jones et al. (2009) , GHG emissions deriving from food transport were calculated. The results highlighted the energy savings achieved when internally produced food products are consumed with respect to the consumption of imported food. Nevertheless, it must be considered that emissions from transport can be more than compensated for by efficiencies in other stages of the production and distribution. Geographical location alone is a poor proxy for total emissions: concepts such as food miles can in fact be misguiding since they cannot reflect the complexity of carbon emissions (Brenton et al., 2009 ).
Conclusions
The energy requirements of a food chain such as that of dairy products are particularly complex because of the variability of the phases in the production chain.
The most appropriate method for evaluating various types of production is to perform an energy analysis to obtain a picture of the company's energy consumption and to intervene to correct any critical aspects.
In order for there to be an energy label (green label) on the packaging of the final product, there must be a common evaluation method that is respected and that could possibly also come under the supervision of a certifying body.
It is also important to identify the person responsible for drawing up a label that includes all consumption and emissions of the integrated process analyzed; this could be a representative of product marketing.
Another problem is the lack of official comparative data to assess the capacity of the company in terms of environmental impact, which should be encouraged at a national level in order to quantify these integrated values.
This work aims to highlight the difficulties encountered during the calculation of energy consumption and of CO2 emissions. It is a fundamental starting point for understanding the problems that need to be solved and contributes to a number of requirements that the market has begun to propose. The final objective (quantification of the CO2 emitted by the integrated chain) is still a long way off, especially considering the diversity of the agro-food sector. Consumers still do not really come into contact with the reality of the food industry such as dairies rather than breeding, but they do have a continuous relationship with the FSs (mass distribution). This could be critical in the campaign to raise consumer awareness of energy and environmental issues. 
